The aim of the study was the evaluation of the influence of electromagnetic fields (electric field strength of 20 V/m, f=50 Hz and magnetic field strength of 2 A/m, f=50 Hz) on the concentrations of vitamin A, vitamin E (α-and γ-tocopherol), and selenium, which represent non-enzymatic antioxidants, in the plasma of steelworkers exposed to such a field. The cohort was divided into 3 study groups: group 1, workers employed for less than 3 yr; group 2, employed for 3-10 yr; and group 3, employed for more than 10 years. Analysis of the results obtained revealed a statistically significant decrease in plasma vitamin A, α-, and γ-tocopherol concentrations in the study groups as well a s a m a r k e d i n c r e a s e i n p l a s m a s e l e n i u m concentrations in groups 2 and 3. These changes suggest that the electromagnetic fields studied cause an increase in free-radical process activity in steelworkers. (J Occup Health 2002; 44: 230-233) 
Extremely low frequency (ELF) electromagnetic fields for many years were considered as an absolutely neutral form of radiation, but epidemiological data and results of experimental in vitro and in vivo studies carried out in recent years have caused more attention to be paid to low frequency (50 or 60 Hz) power line electromagnetic fields. It has also been found that such fields cause an increase in free-radical activity in living organisms [1] [2] [3] [4] [5] [6] [7] which results in the formation of excessive amounts of active oxygen forms. They induce changes in enzyme activity, gene expression, and affect membrane structure and functions as well cause DNA damage.
Body free-radical protection is provided by enzymatic and non-enzymatic antioxidants. Non-enzymatic antioxidants, e.g. vitamin E and vitamin A, are much less specific in reactions with the free oxygen forms than enzymatic antioxidants. They are, however, more universal than the enzymatic antioxidants and therefore they can play either a preventive or an interventive role in free-radical reactions. Vitamin E and beta-carotene, vitamin A precursor, are the most effective in protecting the water-repellent system in the cellular membrane against free-radical attacks. Vitamin E deficiency, causing changes in membrane properties, underlies many diseases 8) . The results of experimental studies in recent years have confirmed that the cellular membrane is an important site of electromagnetic field (ELF) influence. Intercellular processes related to signal transduction and "second messengers" may determine the mechanisms of its biological activities, processes occurring in the plasma, and in consequence throughout the body. Cellular membranes are the first structures that respond to incoming external signals. It is necessary to stress here that any disturbances occurring on the cell surface, even if at first affecting only a small number of molecules, undergo multiplication with signaling-cascade inside the cell. That is why even minor effects evoked by a "weak" electromagnetic field (50-60 Hz) in the cell membrane may be significantly enhanced due to stimulation of various pathways related to intercellular signaling 9, 10) . The purpose of this study was the evaluation of serum non-enzymatic free-radical scavengers, vitamin A, α-and γ-tocopherol and selenium, activities in steelworkers subjected to electromagnetic fields in different work periods.
Subjects and Methods

Exposure
The study was performed in steelworkers (men only) who worked in a tool shop and heavy processing shop, where two GSJ-50 induction heaters were located (induction of 1.3 mT). Electromagnetic fields were used for sintering turning cutters and hardening toothed wheels. The shops were closed rooms with appropriate humidity, ventilation and temperature. The indices of electromagnetic field exposure established by the National Inspection Committee for the Control of Radiation were as follows:
1. electric field intensity 20 V/m, f=50 Hz 2. magnetic field intensity 2 A/m, f=50 Hz
Subjects
Sixty-four steelworkers were selected for the study according to the following inclusion criteria: a) no history of liver disease b) no abnormalities on physical examination c) no complaints on physical examination d) no previous contact with toxic substances e) no shift work They were exposed to electromagnetic fields from Monday to Friday, 34 h a wk (mean 6.8 h a d). The workers were divided into 3 groups according to the duration of exposure (Table 1) .
The control group consisted of 25 persons aged 20-45 yr (mean age 35.2 ± 9.9 yr) who worked at the steelworks but were not exposed to magnetic or electric radiation (accountants and engineers).
Biochemical parameters
All biochemical parameters were measured in plasma. Plasma samples were collected every 4 wk (on Fridays) at 8 a.m. (2 h after the start of work) after a 12 h fast. Six plasma samples were taken from each subject and control. The following parameters were measured: a) retinol, α-and γ-tocopherol concentrations 11) . Briefly, 100 µl of plasma and 100 µl of ethanol were pipetted into test tubes wrapped with aluminum foil, and the mixture was shaken vigorously for 30 s. Then 200 µl of butanol-ethyl acetate (1:1,v/v) was added, and the tubes were shaken again for 1min. After adding about 20 mg of anhydrous sodium sulphate, the tubes were shaken for 1 min and centrifuged for 10 min (3,000 g, 4°C). The supernatant was filtered through a GHP Acrodisc 13 filter, 0.45 µm (Gelman Sciences, USA). All samples were injected in a 20 µl volume into an HPLC system. A Beckman chromatograph was used, consisting of a Beckman 126 pump, AI 406 interface (Beckman) and a RF-535 fluorescence detector (Shimadzu)
b) concentration of selenium 12) . Briefly, 200 µl of plasma was mineralized in 60% perchloric acid solution by means of repeated heating of samples for 15 min at 100°C and for 30 min at 150°C. Proper mineralization occurred at 190°C after 1.5 h. The excess perchloric acid was removed by heating the sample at 210°C for 45 min. Selenium was measured with a spectrofluorometer LS30 (Perkin-Elmer) as a complex with 2,3-diaminonaphtalene. E ex and E em were 365 nm and 520 nm, respectively.
Results
The results are shown in Table 2 . Statistically significant decrease in plasma vitamin A concentrations were observed in all workers exposed to the electromagnetic radiation, 18% in the group 1, 20% in the group 2. and 26% in group 3. Similar changes were noted in α-tocopherol concentrations (a 20%, 31% and 38% decrease respectively) and γ-tocopherol (51%, 54% and 57% respectively). Selenium concentrations in the study groups 2. and 3. were significantly increased (24% and 43%, respectively). The results were analyzed by ttest (p<0.05).
Discussion
Vitamins evaluated and selenium are constituents of the anti-oxidation system and they are responsible for the elimination of free radicals. Vitamin A serves as a singlet-oxygen and hyperoxid amino-radicals scavenger 13) . It is suggested that the mechanism of vitamin A activity, apart from its direct interactions with active oxygen forms, is associated with the influence on oxidative enzymes activity and stimulation of the detoxifying systems. Decreased vitamin A concentrations in steelworkers exposed to an electromagnetic field found in the study suggest its increased use. Increased lipid peroxidation, which was observed previously 14) , confirms the higher free-radical activity in steelworkers exposed to electromagnetic fields.
The presented mechanism of serum vitamin A concentration lowering, resulting from its increased use, seems to be the result of increased lipid peroxidation. One cannot exclude, however, other mechanisms responsible for vitamin A concentration lowering: -decreased retinol binding protein synthesis in liver; -decreased vitamin A intestinal absorption; -decreased vitamin ingestion due to decreased appetite. Vitamin E is present in plasma in 2 forms, α-and γ-tocopherol. It protects unsaturated fatty acids in the cellular membranes from endo-and exogenous free radicals and active oxygen forms, which initiate or propagate damage resulting from non-enzymatic lipid peroxidation 15, 16) . The probable outcomes of plasma α-and γ-tocopherol deficiency in steelworkers exposed to electromagnetic fields are increased susceptibility of tissues to free radicals and increased lipid peroxidation. Others 17) also suggested the role of vitamin E as a scavenger of free radicals evoked by electromagnetic fields. The studies on cell cultures revealed that a weak magnetic field increases the fibroblast proliferation rate in chicken embryos through the generation of free radicals. Adding vitamin E to the cells during exposure to a magnetic field resulted in an 82% decrease in the fibroblast proliferation rate.
A decrease in the plasma α-and γ-tocopherol levels in the steelworkers studied may also have other causes. It may result from a lowered vitamin carrier level, that is a low-density lipoprotein fraction, as well as from decreased cholesterol and triglyceride levels 18) . Selenium is another very important antioxidant in the human body. A known mammalian selenium-dependent enzyme is glutathione peroxidase. Its main role is the reduction of organic superoxides and hydrogen peroxide by means of reduced glutathione 19) . Our study revealed a significant plasma selenium concentration increase in steelworkers in study groups 2. and 3. This can be associated with the reduced glutathione peroxidase GSH-Px activity in the red blood cells 14) . The studies presented indicate that electromagnetic fields increase free-radical processes in workers' red blood cells, and that the human body protects itself from oxidative stress by means of appropriate adaptationactivation of systems controlling oxidative balance. 
